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(57) Abstract: 

PURPOSE: To obtain a new gene encoding a polypeptide 
having nitrilase activity derived from Rhodococcus 
rhodochrous, capable of industrially and advantageously 
producing a carboxylic acid from a nitrile by a genetics 
engineering method. 



for 24 hours, mixed with glycine and further cultured 
for 24 hours. The cell is collected, suspended in 
tris-hydrochloric acid buffer solution (pH 8), treated 
with lysozyme and peptidase and further ground to 
collect a gene contained in the cell. Then, the gene is 
treated with a restriction enzyme and bonded to a vector 
to prepare a DNA library by a conventional method. The 
DNA library is screened with a probe containing part of 
a gene encoding nitrilase to select a clone. A DNA is 
recovered from the clone and treated with a restriction 
enzyme to give the objective new gene encoding a 
polypeptide having nitrilase activity. 



CONSTITUTION: Rhodococcus rhodochrous PA-34 COPYRIGHT (C)1995 JPO 
(FERM BP-1559) is added to a medium, cultured at 30°C 
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(57) [Sift] 

[%$] = h v 5— ^SHt^^ri-sEsasEJij** i 

[^b*] ±fB*e^-DNA£JLWLfcrtK:J:'9ite 




^KDT^y asm-vm is # y k«t = — ki- 

£i&&^DNA 0 

i 3 ] at i * fc tt 2 mm<DA&* DNA* 
^ ^ — icfi^a <*d n a 0 

4 ] fit^JS 3 E*<BifiiJt;l*D N A T?» WE 

5 ] ?gKtejft*^FERM BP-4404* fcttFERM B 
P-4405T-fc6f!t 4 SB*<Z)JgKte«i*o 

6 ] »3RJS4 Sfctt 5 iatt^Wtetfe<*S:« 

[0 0 0 1] 

u (Rhodococcus rhodochrous) SjM<£> ^ ^hy/MP£r 

D N AM^ ^Mifr D N A J 
jh,fc»WE*#fcH-*-5 0 ^hy/v 

[0 0 0 2] 

19 n aRHi^I4t^a4»i:tTH Wx-tf, Fusa 
rium oxysporum f. sp. me lonis ( Biotechnol. Appl. 
Biochem. , U, 581-601(1989)), Fusarium solani(Bio 
chem. J., 167 , 685-692(1977)), Nocardia sp. (Int. 
J. Biochem. , 17, 677-683(1985)), Arthrobacter sp. (A 
ppL Environ. Microbiol., 51, 302-306(1986)). Rhod 
ococcus rhodochrous Jl (Eur. J. Biochem. , 182, 349- 
356(1989)), Rhodococcus rhodochrous K22(J. Bacte 
riol. , 172, 4807-4815(1990)) , Rhodococcus rhodoc 
hrous PA-34(Appl. Microbiol. Biotechnol., 37, 184- 
190 (1992) ) * * tj*tf -5 r # "C £ £ 0 - H b ^at«© 

9 a ^ (Rhodococcus rhodochrous) PA-34 £ftj*~Cfc<5 0 
[0 0 0 3] 




^ s p K^s'*^ p p * (Rhodococcus rhodochr 
ousl^ft^-r^^ h y 5— -tfitG^SrJLffiU *<o*ttS 
i35«Sr*^i"5r i*s-e#fc 0 *tt, d^ifiG^ DN 
10 ASrfflv^TifB^tC J f 1 «»*.*^«t9^ hy^S^b 

— f y 5-^aeiF-sr«Mt-rs - 1 k&>% 0 

[0 0 0 4] *»W<0»)BMu roit<£^£/f^ 

[0 0 0 5] 

K^^^-^ p p ^ (Rhodococcus rhodoc 
hrous) PA-34 b V ^-^^^-T^^V^Zf^ 

K * 3 — Ki" 5 «G ^ D N A * »B L T±gSiB^iJ ^r*^ 
L, ritS:^^— tm*iiA/"eift»ift:DNAi: L. 
^ f)(MxftDN AT«»«:iS»tt»» 

30 [0 0 0 6] **WS:!*»^ttW"rSo *mW<D 

^bV 9—&*AB*<ofc16Mk LTlt ^ h y ^-ifffi 

Mtt^nK^ 1 ';^^ p p ^ (Rhodococcus rh 
odochrous) PA-34 ^tt^SixSo *«t*CDM#«JttKii 
WPfH¥4-79894 ^«til|E**nTV^o *ffitStt»X 
5ff*«»1559-?- (FERM BP-1559) t LtllSaflfRft* 

»x*s«w*Bf (£Ax*x*SE«w$a9f) ^*tes 

nr^5 0 **MttTIE (1) - (5) ^X@{c:J:i9^ 

[0 0 0 7] (1) =^b ] J =7—M(DT ^ 7 g^gB^J^N- 
40 *Sg<Z>ffl^iB^J^*^t DNA^n—^fPSJ 

a K ^ V # ^ p n ^ (Rhodococcus rhodochrous) 
PA-34 frh^ hy 7— tfSrttffl««U, *^N-*^cO 

t^ffi^ L/cite^t7)^SIB^J^^oDN A^n 

[0 0 0 8] (2) ^ h y y-^lfe-f^^DNA 

a K ^ y 7. n K # o ^ (Rhodococcus rhodochrous) 
PA-34 ^bftfe*DNASr»«IU «IIH»*"C«J»«, 

50 iMf^-f^y ^if— > 3 y^jz^hy 5— -ftfie 




3 



^^tfDNABf^SrXS (1) T'lKLtDNA/n 

[00 0 9] (3) ffiMffDNA7^^7!i-^)fS 
IS (2) x?IMILfcDNAWr^S:^^-fca*ii^ 

^y^if-v-aVt-J:^ - h y 5— tffce^S:^ 

[0 0 10] (4) *aE5!K7>*^ 
DNAtODNA|r^SSE?IJ^*£t6o 

[ooii] (5) ~ hV 7— ffite^<z>*i& 

-if J; 9 ^ b yyui^f)^^^ygi?r^It5o 
[0 0 12] ±feoiST-fflv>£-<^^ — £ urti. 

K pUC19 . ^9*^ KpMK2^^tf bfl, **: 
^Ktelftt-fflV^/^^ h£ Lttt, E. coli HB101 , E. 
coli JM103 , E. coli JM109 ##^:f £>HS 3 s , Z-tl 

[0013] = h y 9~ H&mWtftZ- h VMt&Vo 
t LTte, WBB5pl-317394-g-^*IEttOaT5/^ hy 

n/^yxMJ/K 2-7^^y=hy/K 2-T ^ y -3 

=:hy;K 2-T^y-3- ^f;^y?y^MJ;K 2-T 
^ y-3- t Vx2*is?'x2s<^=-bVA'* 2-T^y-3- t 
Kn^r^y^MJ/K 2-T $ / -3- ?T J 

y /k 2, s y -4, 5- t^r^ ^ h y /k 2- 
T^y-4- ^f/u^^y-MJ/K 2-r^y-3- 

7 3- (4- t Ko^r^7x- 

Bl 4-r^y-4- i/T ; 9 i/Wt, 3-r^y-3- ^Ty 

/paVT; h\ 4-T ^ y-4- i/T /-?9lsT% h\ 2, 

e-v'r^y^t^Mi/K 2, ^ y-5- tKn 

^i/^fy^hU/K 2-7S/-3-(3->f V Ky/W ^ 

h y /k 2-T ^ y -3- (4--r ^ ^yv 
hy^K 2-^7yt°n!i^y 2-yr;-4- t Kn 

3r->t*n y >^ 2-T^/-2- 7x^;l/x^ v~ h V 
*ifS:«*i-5rir^sx^5 0 fifc^hy/Wfc^ 
4»£LTf*«;ttf. 7i?h^by/K /nt^fy 

~hy/K >fy^fu^hy;K ^/U^n^hy/K h 
yr^yo^hy/K h/^hy/K 7^h-hy 

/k f-^w-by/K r^y^^hy/K h 
y/K ^^^yi-rir h y/i^i^ey^i-^r ^^x^ 




$#Bfl^p7-9 9 9 80 
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5 0 ua>u z.frh<o~ h vMt&m^mm£tiz>i><z> 

X\t^\ a-~bVM\&%rt*. DL#£rJfll^ 

[0014] - h y ;u«^^/U/fySI^^SJS(Ui± 

?T%t>tlZ>i>K pH6— 12, i&fi?20~50 < C<Z)|Effl"C. 

«>««f«'t>"Cfi : *5r4:dS"C#5o «»*ttttt, iff 

Mtt, 4#BB¥l-317394#^«, ^3:^^4-79894 ^ 
20 0flfc)\ WB|3pl-317394^«^WI!B 5 p4-79894 #^«(^ 

[0 0 15] HT, 3l*«^J:9**MSrSfe»-»iW«- 
[^iSPJ] 

(1) = h y 7— if^T^ yKE5U<DN-*iH^»^ifl 
noidkJt. dna/p — y<Di^M 

Rhodococcus rhodochrous PA-34 ^rigifi (^3- 
30 lOg; Na 2 HP0 4 • 12H 2 0, 2. 5g; KH 2 P0 4 , 2. Og; MgSO 

4 • 7H 2 0, 0. 5g; FeS0 4 • 7H 2 0, 0. 03g; CaCl 2 • 2H 2 0, 
0. 06g;^#^^r^, 0. Ig; ^yy^/^hy/K 5ml; 
*^ 1 1; PH7.2) {^PX.. KBfl£30 e C-C28B¥raiS«L 

40 1. Microbiol. Biotechnol. , 37, 184-190 (1992) ) l-lE® 

-fz>jjmiz.'&\,\ mmmmm^mm^m i^tim, Rhodoc 

occusrhodochrous PA-34 &3fc<£>— h y 5—* ^SrSephacr 
yl S-300 HR, DEAE Toyopearl650S fry n 

$ ti s isie?ij ^ * -r 5 ^ d n a & s tb d n a <&&m 

50 (-<^^^^±S3) "CflsKU 5Sf-, R^DNA© 




5 

5' *ffi<Dio<z>K»S:T4/Ky^^ u^K^-^"-"St 
Cv- 32 P) ATP b&m^Mc&f&ffitiLTcm"? Xy^-^L 

Glu N Tyr . Asn . Phe RXfLys fcfl-^Tf** -ttt^PiX 
2S^M?:, X 4 ffi(7)^ KV^fflSixSThr £Val 

fco £AT<0Xgfc:*5V , >'m, li(rlE<Z>**XE#l***"t*5 

[0 0 16] (2) - b V y— tfSe^Sr&tfDNAWr 

d K^s/^^ p p ^ (Rhodococcus rhodochrous) 
PA-34 (»XW***1559W Srlgife WT^-*. 10 
g; Na 2 HP0 4 *12H 2 0 , 2. 5g; KH 2 P0 4 , 2g; MgS0 4 -7H 2 0 

, 0. 5g; FeS0 4 -7H 2 0 , 0.03g; CaCl 2 '2H 2 0, 0. 06g; 
ifx^^, 0. Ig; >f y^o=. MJ/K 5ml;*, 1 1; 

P H7. 2) *p3ox;x*2mmmmWi, ^y v>-s:o. 2M£&s 

«fc 5 *-^*P L24HSIHi&# Lfc> *K«10mMCOEDTA«r<&tf 
10mM(7>Tris-HCliK«}ft(PH8) "Cgfe?^ U R5tK»ffi"C50 
10niM^EDTA^^tpl0riLM(^Tris-HC1^9r*(PH 

8) {cmmist'o i»LfcSiii^y/f^^r^ 

(7^ni^ K-^^^^—i^^-^^^HlOmg/m 

U 5mg /l i:45J;5{-Jni, 58^t? 2 B#Pfl4fc«^ s 

DS (Sodium dodecyl sulfate) £r 2 oMtl^ 5 

(Biochim. Biophys. Acta, 72, 619-629(1963)) K:fE«t 

e^Sr&tf h-^A-DNA£rPS!Lfc 0 llL^F^ 
^DNAS:#a«>«IIR**-e?H<t;», #£>*tfcDNA»r 

(1) tfflUcDNA7°n^i^ffl^T, ^CiSfe ((B 
asic methods in molecular biology, Elsevier, New Yo 
rk (1986) ) K&Mrt i-tt ottfW/U^ 

if— v-a ^Srfi^ofco 2x sscewjK^-c^^wN-r^y 

EcoR I»<»»<Dtt0. 9kbpO»f>i'. BamH I'M^O 
&2. 6kbp(Z>»rJi\ RZfPst I &Myo<Dm9. 5kbp<Z>»rH\ 
^ O 3 o<£> D N A ifr>ir^±f5D N A :7° n — >^ t W -f V 
^Xtsr tSttSLfco BufE3o^DNAi|Fr>ftf*, 

e> i m<o r s j mmm * =* — k-t * ©Eg&»se5u * 

[0 0 17] (3) SM*DNA7^^7!i^l 
ftuieOEcoR I#8¥#W**J0. 9kbp(Om}f, BamH lftffi%<0 
^j2.6kbpcD®rit, &t>Tst I ##?*»<z>iKj9. 5kb P <£>»r>H\ 
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EP^liiexm (2) T^^Ufc3 0<DDNA»rit^. t 
ix^;h,fflR6£3tiEcoR I, BamH I, Pst I T'^ffl^. ;^S§ 

^- P uci9 i^yy— >a^^r^h (SfiiStfcW 

iAA>/e o w^ftf^ldJ; 9 , EcoR IftffflKOmo. 9kbp<D®T 
BamHI»<»ife^Kl2. 6kbpO»rJt. SWst I 5M»«I 

^ ^ . O 1 tCT^i-pNLE, pNLB&U^NLP^ 3 S 

10 ^IS-TM^^ff^^^^ K^^-SrlV^DNA7-f 
^7!)-S:tt»t5!ftff«^ ^(Molecular cloning: 
a laboratory manual, 2nd edition. Cold Spring Harb 
or, New York (1989)) (^otfTo/c 0 IKtfcMi 
^ K^* — T^fliB E.coli HB101 £r^Hte 

^fc°i/y ^Btt^ "^^>, nn^;^yy^ 
-ff->3y|:J;!)jBftx.#^7^5 K^*— SrfSo 
n n =-—(D^m^\ L/c 0 #:^T% aSULfc="n^i— it* 
hmMTLfc-^y*^ K^^-f^*H5DNA£ttttJ 
20 U ±iEXg (2) ic|Etti"5*ife-e*i:TlMfW»f 

^y^f-yayfctfot, i^HM^dna, 

m^W&mW.mWr^Z trfEi~H§gfl Rhodococcus rhod 
ochrous PA-34 &$k<D~ b V y—Ti&NJtil&fabUWHD 

tl^HEcoR l4)-*ft<7>#?J0.9kbp05»r>T-. BamH I#fl¥4*0> 
#&2. 6kbp<z>Brfi\ SWst I 5>#«jOiKj9. 5kbpo?»rJt"e 

mMi&^&M^ pNLE. P NLB&t^pNLP(Z>3«^jfilftAff 

fc 0 rfy^% KpNLEttEcoR l5>/|?%O)Kj0.9kbp<Z>»f>}*Sr 
-at?^^^ ^ Kv ^^^5: KpNLB^BamH VM^<om2. 
6kbp(DWTft&^t?y P y* ^ F\ -7°^^^ KpNLPttPst I 

ftffim<Dm9. 5kbp(DWi}i^^y^^ K"e*>9. 

i ^*-r*jis»3RJfiia^v\ ^7^; KpNLPt^-g- 
*n-5Pst i 'Mm^ms.skbpcDmft&mmmmEcor i 

^D^BamH IT^b LT# ^tb^> 2 «(OBfK-tt, ^Er^tb 
~fy** KpNLE^*ttSEcor I5>»*<^#?J0. 9kbp(Z?Br 
^-.Rt/pNLBi^ittSBamH l4>jl?»<Z?#?)2. 6kbp?>®r>ft t 

pni^xvpnlpj; o#bttsia*^i*DNA7>f ^7 y — 

[0018] (4 ) M£Mm<D$kJ£ 
TM (3) -C»b*Lfcfi»iL#^5^5 K**>DNAWf 
^ J: 9 , *(©«ife*SiB^J<Z>— W&^^^^r^jfcCPro 
c. Natl. Acad. Sci. , 74, 5463-5467(1977)) \Z. X 9 * 
^Ufc 0 B(r«Ela**L*^7^5 KpNLPJ:9»bJx*Pst 
I 5>fl¥%«0^9- 5kbp^Br^Sr*JPK»*Hind III-e939fL 
50 X#btt6DNASritl-, ia^lJ^IE^J#^- 5 



(5) 
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E#ws#aEU is (i) x*&:i£^tiT^smmm*b 

(-^I^SIE^J^^^. EJU*EM#-*§- i t-^-rr * y 

gfcgfi^JS:^ — Kt~5 - £ri*?S!ig£iV Rhodococcus rh 
odochrous PA-34 &M(D~ h V y —^(D&B^X&Z) r 

[0 0 19] (s) - h y ?-if*e^<£>3§5i 

^tfHind III-Pst iBrtf GRj4.7kbp) Srf-^n-^V 
^b*tfcBf>i*S:**R«*Bal 31-C«tffl«, »2. 2k 
bp(0»tf£ftlP8»*Sma I TftLS LfclS^^ ^-pMK2 
(«PBBBB64-51088^«) KpNLK 
2 i:A*Ufco @6iu/7^^; KpNU2(Z>«|l8B*ifiia 

SE.coliHB 101 Sl^E-coli JM 109 SrJgfMteftU * 

fe 0 ®»Lfc = i3^ — Sr2xYT*»-C30 f CT?— Ifc**«ft 

iKT^IUifcitM^ RCftlBRIcRStfco XiR(Appl. M 
icrobiol. Biotechnol.,_3L_ 184-190(1992)) I5«^)* 

i£i;it£v\ #e>tbfcB»»aKimi ic75mM<7>a-T ^y-r 
Sa-T^^fy^^n^ h y /^x 9^fiS;SixSL-i3>f 

f*w = h y 5— tf&tSfeSrSJSU E.coli HB 101 Rt*E. 
coli JM 109 <^Jgfttelft»3&^ ltS<5ofttiSV^ 

&mm$ffii\z.y?'<xh$kmz-m'3g, E.coii hb 101 

O^HSG^tt E. coli HB 101 (pNLK2) &FERM BP-4404 * 
E.coli HB lOlffit&xfW&U* E.coli 

m& sen 

(mg/1) 

HB 101(pNLK2) 3266 
JM 109(pNLK2) 949 
PA-34 994 
1 unittta-T S /*< yjj^v- hV/^h 1 ^RfH-l 

[0 0 2 2] 

r 5: y ^ h y <b r s y RSr«jgi-5 r t fcw ^ 

1 5 
Met Val Glu Tyr Thr Asn Thr 
20 



*-§*£LT, **:E. coli JM 109£>»£itteifetfc E. Ccoli 
JM 109 (pNLK2) ttFERM BP-4405-^i LT^ft^ixTV ^ 

[0020] z.thh<o 2U<DMW J: tirt^n : t^ 

nn — £; 100ml <D<< Vzfx*\?A' -0-D- J-Jrtfy? 
7; VK(ITPG)fetac >fyfa- fr— ir LT*Px.fc2xYT 
jHSt30tT-Wii*iL, 5mM <£>^V^^y^ 
h — ^Sr-^tfO. 1M«»««*T? 2 HJgfcr^ 

10 iitl, S:St(Appl. Microbiol. Biotechnol. , 37, 1 
84-190(1992)) IS«CT)^rj£T*a-T^ y>T V^^u^ h 

fc 0 te***H-*Lfco *ll!im«iUtPK=» 
yjJ?- DF^n X (Rhodococcus rhodochrous ) PA-34<£> 

<£>JF$Kfei£ittte\ ^ix-^tb Rhodococcus rhodochrous 
PA-34 &M<D~ h y 7— ^Sr^itaflsrt^jE^LTfc 
9, MK^Lt^^v^ b y -fcfigttS: 

*i-ri:dS*J5o SEW*. !^2ffico^Kte^{-^ffi^ 

20 L^taMftDNAJ: 9, Rhodococcus 
rhodochrous PA-34 &&CD^ MJ7"^^y^f K 

y/W<t9*HCi"5a-T5;yS«. XfifcCAppL Microbi 
ol. Biotechnol., 37, 184-190(1992)) KllEfe-f~£ Rho 
dococcus rhodochrous PA-34 S^O— h y 9— ^irl^l 

W*h, %^%&&<D^^a-T ^ ygws£jg£ix5fc<E>-e 

30 [0 0 2 1] 

[iSi] 

JM 109|fi^X.fr^<t^^ b y 
Units JfcStt 



19.6 
7.6 
242.5 



0. 006 
0. 008 
68.9 



m 



[0 0 2 3] 

40 mmm] 
m&m^ : 1 

IH^'JcOfi^ : 380 



10 15 
Phe Lys Val Ala Ala Val Gin Ala 
25 30 



(6) 
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Gin Pro Val Trp Phe Asp Ala Ala Lys Thr Val Asp Lys Thr Val 

35 40 45 

Ser lie lie Ala Glu Ala Ala Arg Asn Gly Cys Glu Leu Val Ala 

50 55 60 

Phe Pro Glu Val Phe He Pro Gly Tyr Pro Tyr His lie Trp Val 

65 70 75 

Asp Ser Pro Leu Ala Gly Met Ala Lys Phe Ala Val Arg Tyr His 

80 85 90 

Glu Asn Ser Leu Thr Met Asp Ser Pro His Val Gin Arg Leu Leu 

95 100 105 

Asp Ala Ala Arg Asp His Asn He Ala Val Val Val Gly He Ser 

110 115 120 

Glu Arg Asp Gly Gly Ser Leu Tyr Met Thr Gin Leu He He Asp 

125 130 135 

Ala Asp Gly Gin Leu Val Ala Arg Arg Arg Lys Leu Lys Pro Thr 

140 145 150 

His Val Glu Arg Ser Val Tyr Gly Glu Gly Asn Gly Ser Asp He 

155 160 165 

Ser Val Tyr Asp Met Pro Phe Ala Arg Leu Gly Ala Leu Asn Cys 

170 175 180 

Trp Glu His Phe Gin Thr Leu Thr Lys Tyr Ala Met Tyr Ser Met 

185 190 195 

His Glu Gin Val His Val Ala Ser Trp Pro Gly Met Ser Leu Tyr 

200 205 210 

Gin Pro Glu Val Pro Ala Phe Gly Val Asp Ala Gin Leu Thr Ala 

215 220 225 

Thr Arg Met Tyr Ala Leu Glu Gly Gin Thr Phe Val Val Cys Thr 

230 235 240 

Thr Gin Val Val Thr Pro Glu Ala His Glu Phe Phe Cys Glu Asn 

245 250 255 

Glu Glu Gin Arg Lys Leu He Gly Arg Gly Gly Gly Phe Ala Arg 



He He Gly Pro Asp Gly Arg Asp Leu Ala Thr Pro Leu Ala Glu 

275 280 285 

Asp Glu Glu Gly He Leu Tyr Ala Asp lie Asp Leu Ser Ala lie 

290 295 300 

Thr Leu Ala Lys Gin Ala Ala Asp Pro Val Gly His Tyr Ser Arg 

305 310 315 

Pro Asp Val Leu Ser Leu Asn Phe Asn Gin Arg Arg Thr Thr Pro 

320 325 330 

Val Asn Thr Pro Leu Ser Thr He His Ala Thr His Thr Phe Val 

335 340 345 

Pro Gin Phe Gly Ala Leu Asp Gly Val Arg Glu Leu Asn Gly Ala 

350 355 360 

Asp Glu Gin Arg Ala Leu Pro Ser Thr His Ser Asp Glu Thr Asp 

365 370 375 

Arg Ala Thr Ala Pro Ser Asp Ser Gly Ala Pro Val Ala Pro Pro 



260 



265 



270 



380 



Lys Arg His Gly Val 



50 
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[0 0 2 4] m&m^ : 2 
iB^iJOOg$ : 1130 

m^Kom : mm 

ATG GTC GAA TAC ACA 
CAG CCT GTG TGG TTC 
TCC ATC ATC GCG GAA 
TTT CCC GAG GTA TTC 
GAC AGC CCG CTC GCC 
GAG AAT TCC CTG ACG 
GAT GCC GCC CGC GAC 
GAG CGG GAT GGC GGC 
GCC GAT GGG CAA CTG 
CAC GTC GAG CGT TCG 
TCC GTG TAC GAC ATG 
TGG GAG CAT TTC CAG 
CAC GAG CAG GTG CAC 
CAG CCG GAG GTC CCC 
ACG CGT ATG TAC GCA 
ACC CAG GTG GTC ACA 
GAG GAA CAG CGA AAG 
ATC ATC GGG CCC GAC 
GAT GAG GAG GGG ATC 
ACC TTG GCG AAG CAG 
CCG GAT GTG CTG TCG 
GTC AAC ACC CCA CTT 
CCG CAG TTC GGG GCA 
GAC GAA CAG CGC GCA 
CGG GCG ACA GCA CCC 
AAG CGC CAC GGT GTG 

[0 0 2 5] K5U#-g- : 3 
iE?U<£>S£ : 11 

Met Val Glu Tyr Thr Asn Thr Phe Lys Val Ala 
1 5 10 

[0 0 2 6] ffi5U#-§- : 4 
W3\<D&£ : 32 

mm<om : mm 
mm 

TAC CAI CTT ATG TGI TTG TGI AAG TTT CAI 
C A A AC 

[0 0 2 7] B5U*-g- : 5 

mm 

CAC GGG TGG CGC AGA 
TCA CGC GCC TTT TCA 



12 



AAC ACA 
GAC GCG 
GCA GCC 
ATC CCG 
GGA ATG 
ATG GAC 
CAC AAC 
AGC TTG 
GTC GCC 
GTA TAC 
CCT TTC 
ACG CTC 
GTC GCG 
GCA TTC 
CTC GAG 
CCG GAG 
TTG ATC 
GGC CGC 
CTC TAC 
GCC GCT 
CTG AAC 
TCC ACC 
CTC GAC 
TTG CCC 
TCT GAC 



TTC AAA 
GCC AAA 
CGG AAC 
GGG TAC 
GCG AAG 
AGC CCG 
ATC GCC 
TAC ATG 
CGA CGC 
GGA GAA 
GCA CGG 
ACC AAG 
AGC TGG 
GGT GTC 
GGA CAA 
GCC CAC 
GGC CGA 
GAT CTC 
GCC GAC 
GAC CCC 
TTC AAC 
ATC CAT 
GGC GTC 
TCC ACA 
TCG GGC 



GTT GCT 
ACG GTC 
GGG TGC 
CCG TAC 
TTC GCC 
CAC GTA 
GTA GTG 
ACC CAG 
CGC AAG 
GGA AAC 
CTT GGC 
TAC GCA 
CCT GGC 
GAT GCC 
ACC TTC 
GAG TTC 
GGC GGA 
GCA ACT 
ATC GAT 
GTG GGC 
CAG CGC 
GCC ACG 
CGT GAG 
CAT TCC 
GCA CCC 



GCG GTG 
GAC AAG 
GAG CTC 
CAC ATC 
GTG CGC 
CAG CGG 
GTG GGA 
CTC ATC 
CTC AAG 
GGC TCG 
GCG CTC 
ATG TAC 
ATG TCG 
CAG CTC 
GTG GTC 
TTC TGC 
GGT TTC 
CCT CTC 
CTG TCT 
CAC TAC 
CGC ACC 
CAC ACG 
CTC AAC 
GAC GAG 
GTG GCG 



CAG GCA 
ACC GTG 
GTT GCG 
TGG GTC 
TAC CAC 
TTG CTC 
ATC AGC 
ATC GAC 
CCC ACC 
GAT ATC 
AAC TGC 
TCG ATG 
CTG TAC 
ACG GCC 
TGC ACC 
GAG AAC 
GCG CGC 
GCC GAA 
GCG ATC 
TCA CGG 
ACG CCC 
TTC GTG 
GGA GCG 
ACG GAC 
CCT CCG 



^IB^J(£>fi£ : 1341 

mm<Dm : mm 

til&l<D&M : Senomic DNA 



45 

90 

135 

180 

225 

270 

315 

360 

405 

450 

495 

540 

585 

630 

675 

720 

765 

810 

855 

900 

945 

990 

1035 

1080 

1125 



: p K=J5/^77 p p X (Rhodococcus rhod 
ochrous) 
IK £ : PA-34 



40 



CG 



ATG CCA GGA CCC GTG TCA TTC CAC GTC AAT 45 
CCT CGT ACT GTC CTG CCA AAC ACA AGC AAC 90 



(8) 



#i¥7-9 9 9 8 0 
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GGA GGT ACG GAC ATG GTC GAA TAC ACA AAC ACA TTC AAA GTT GCT 135 



GCG GTG CAG GCA CAG CCT GTG TGG TTC GAC GCG GCC AAA ACG GTC 180 

Ala Val Gin Ala Gin Pro Val Trp Phe Asp Ala Ala Lys Thr Val 

GAC AAG ACC GTG TCC ATC ATC GCG GAA GCA GCC CGG AAC GGG TGC 225 

Asp Lys Thr Val Ser He He Ala Glu Ala Ala Arg Asn Gly Cys 

GAG CTC GTT GCG TTT CCC GAG GTA TTC ATC CCG GGG TAC CCG TAC 270 

Glu Leu Val Ala Phe Pro Glu Val Phe lie Pro Gly Tyr Pro Tyr 

CAC ATC TGG GTC GAC AGC CCG CTC GCC GGA ATG GCG AAG TTC GCC 315 

His lie Trp Val Asp Ser Pro Leu Ala Gly Met Ala Lys Phe Ala 

GTG CGC TAC CAC GAG AAT TCC CTG ACG ATG GAC AGC CCG CAC GTA 360 

Val Arg Tyr His Glu Asn Ser Leu Thr Met Asp Ser Pro His Val 

CAG CGG TTG CTC GAT GCC GCC CGC GAC CAC AAC ATC GCC GTA GTG 405 

Gin Arg Leu Leu Asp Ala Ala Arg Asp His Asn He Ala Val Val 

GTG GGA ATC AGC GAG CGG GAT GGC GGC AGC TTG TAC ATG ACC CAG 450 

Val Gly lie Ser Glu Arg Asp Gly Gly Ser Leu Tyr Met Thr Gin 

CTC ATC ATC GAC GCC GAT GGG CAA CTG GTC GCC CGA CGC CGC AAG 495 

Leu He He Asp Ala Asp Gly Gin Leu Val Ala Arg Arg Arg Lys 

CTC AAG CCC ACC CAC GTC GAG CGT TCG GTA TAC GGA GAA GGA AAC 540 

Leu Lys Pro Thr His Val Glu Arg Ser Val Tyr Gly Glu Gly Asn 

GGC TCG GAT ATC TCC GTG TAC GAC ATG CCT TTC GCA CGG CTT GGC 585 

Gly Ser Asp He Ser Val Tyr Asp Met Pro Phe Ala Arg Leu Gly 

GCG CTC AAC TGC TGG GAG CAT TTC CAG ACG CTC ACC AAG TAC GCA 630 

Ala Leu Asn Cys Trp Glu His Phe Gin Thr Leu Thr Lys Tyr Ala 

ATG TAC TCG ATG CAC GAG CAG GTG CAC GTC GCG AGC TGG CCT GGC 675 

Met Tyr Ser Met His Glu Gin Val His Val Ala Ser Trp Pro Gly 

ATG TCG CTG TAC CAG CCG GAG GTC CCC GCA TTC GGT GTC GAT GCC 720 

Met Ser Leu Tyr Gin Pro Glu Val Pro Ala Phe Gly Val Asp Ala 

CAG CTC ACG GCC ACG CGT ATG TAC GCA CTC GAG GGA CAA ACC TTC 765 

Gin Leu Thr Ala Thr Arg Met Tyr Ala Leu Glu Gly Gin Thr Phe 

GTG GTC TGC ACC ACC CAG GTG GTC ACA CCG GAG GCC CAC GAG TTC 810 

Val Val Cys Thr Thr Gin Val Val Thr Pro Glu Ala His Glu Phe 

TTC TGC GAG AAC GAG GAA CAG CGA AAG TTG ATC GGC CGA GGC GGA 855 

Phe Cys Glu Asn Glu Glu Gin Arg Lys Leu He Gly Arg Gly Gly 

GGT TTC GCG CGC ATC ATC GGG CCC GAC GGC CGC GAT CTC GCA ACT 900 

Gly Phe Ala Arg He He Gly Pro Asp Gly Arg Asp Leu Ala Thr 

CCT CTC GCC GAA GAT GAG GAG GGG ATC CTC TAC GCC GAC ATC GAT 945 

Pro Leu Ala Glu Asp Glu Glu Gly He Leu Tyr Ala Asp He Asp 

CTG TCT GCG ATC ACC TTG GCG AAG CAG GCC GCT GAC CCC GTG GGC 990 

Leu Ser Ala He Thr Leu Ala Lys Gin Ala Ala Asp Pro Val Gly 

CAC TAC TCA CGG CCG GAT GTG CTG TCG CTG AAC TTC AAC CAG CGC 1035 

His Tyr Ser Arg Pro Asp Val Leu Ser Leu Asn Phe Asn Gin Arg 

CGC ACC ACG CCC GTC AAC ACC CCA CTT TCC ACC ATC CAT GCC ACG 1080 

Arg Thr Thr Pro Val Asn Thr Pro Leu Ser Thr He His Ala Thr 

CAC ACG TTC GTG CCG CAG TTC GGG GCA CTC GAC GGC GTC CGT GAG 1125 

His Thr Phe Val Pro Gin Phe Gly Ala Leu Asp Gly Val Arg Glu 

CTC AAC GGA GCG GAC GAA CAG CGC GCA TTG CCC TCC ACA CAT TCC 1170 

Leu Asn Gly Ala Asp Glu Gin Arg Ala Leu Pro Ser Thr His Ser 

GAC GAG ACG GAC CGG GCG ACA GCA CCC TCT GAC TCG GGC GCA CCC 1215 



Met Val Glu Tyr Thr Asn Thr Phe Lys Val Ala 



(9) M?7-9 9 9 80 

15 16 
Asp Glu Thr Asp Arg Ala Thr Ala Pro Ser Asp Ser Gly Ala Pro 
GTG GCG CCT CCG AAG CGC CAC GGT GTG TGA AGG GGC GAG ACA GGG 1260 
Val Ala Pro Pro Lys Arg His Gly Val * 

GAA TCG GAG GAT CAC CGA GTA CAC CAT CGT CGA TCG CAG CGA GTA 1305 
GCC CGC CCG TAC CCC GAT AGG TCC ACC CCA CGT ATC 
[Hfi<0ffi¥ttK9U * IB 2] Htt«-C#&nfc»a^5*S KpNLK2 <ot)R 

[@i] nmm\^£^xnhthfc3mm<Dim&^fc'7 z 7 »*»HS:*i-o 

KpNLE, pNLB, pNLPCOftHIR»**iaS:*"*'o * 



[ill 



[B2] 





1.8 1.85 2.6 



0 /0.4 0.47 1.2 \^ 2.2 
r Ni i ri late Gene 




0 2.2 4.1 4. a 5.95 6.7 9.5 
^ 5 05 5.9 



(51) Int. CI. 6 
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